On The G Sum Rule Formulation by Bassi A.B.M.S. & Ferreira M.M.C.
On the G sum rule formulation
A. B. M. S. Bassi and M. M. C. Ferreira 
 
Citation: The Journal of Chemical Physics 80, 6326 (1984); doi: 10.1063/1.446703 
View online: http://dx.doi.org/10.1063/1.446703 
View Table of Contents: http://scitation.aip.org/content/aip/journal/jcp/80/12?ver=pdfcov 
Published by the AIP Publishing 
 
Articles you may be interested in 
Dielectric tensor formulation of magnetic dichroism sum rules 
J. Appl. Phys. 84, 2858 (1998); 10.1063/1.368427 
 
G‐sum rule separation of overlapping vibrational bands 
J. Chem. Phys. 76, 821 (1982); 10.1063/1.443053 
 
G sum rule applications for the vibrational intensities of the hydrocarbons 
J. Chem. Phys. 71, 5042 (1979); 10.1063/1.438276 
 
G‐intensity sum rule applications: XY3 molecules 
J. Chem. Phys. 68, 5448 (1978); 10.1063/1.435721 
 
Partial g‐Sum Rule, a Tool for Interpreting Impurity Ion Spectra 
J. Chem. Phys. 55, 3734 (1971); 10.1063/1.1676656 
 
 
 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:
143.106.108.144 On: Thu, 25 Jun 2015 18:35:47
NOTES 
On the G sum rule formulation 
A. B. M. S. Bassi and M. M. C. Ferreira 
Departamento de F/sicrr-Qufmica, Instituto de Qufmica, Universidade Estadual de Campinas, c.P. 6154, 13100 
Campinas SF, Brazil 
(Received 24 August 1983; accepted 29 December 1983) 
(2) In 1952, Decius devised a rule relating the intensity 
sums of the fundamental vibrations of nonpolar isotopically 
related molecules. 1 Using the G sum rule of Crawford2 as 
later written by King,3 
(1) 
a 
where Is and ns are the number of fundamental bands and 
atoms of molecule S, respectively. If all S molecules involved 
in the reaction are isotopically related, ns = nand 5s = 5 
for all species. Moreover, l:sfls = O. Thus, for isotopic sub-
stitution reactions, 
a more general formulation which includes rotational cor-
rections can be easily obtained. In Eq. (1), Ai is the absorp-
tion coefficient of the Beer's law integrated over the frequen-
cies of the fundamental band i, 5a is the effective charge 
defined by King,3 rna is the mass of atom a, f1 is a rotational 
correction depending on the atomic masses, the molecular 
geometry and the equilibrium dipole moment,3 and 
K = Nrrdi v;l3c2Wi is a constant. Nis the Avogadro number, 
d i the degeneracy of band i, c the velocity oflight in vacuum, 
Vi and Wi the observed and the harmonic frequency, respec-
tively, of band i. 
~flS( f1s + itl A,sIK) = (~flS)( atl 5~/rna) = O. 
Considering a hypothetical chemical reaction 
l:s fls S = 0, where S stands for "substance" and fls for its 
stoichiometric coefficient, and Eq. (1), one may write 
(3) 
For all f1s = 0, Eq. (3) is the Decius sum rule. l Although the 
unavailability of numerical data prevented a meaningful test 
of this rule in 1952, much more data are currently available, 
permitting us to judge the usefulness of this sum rule. Theo-
retical intensity sums and their corresponding experimental 
values are included in Table I for some molecules and their 
isotopic analogs for which reliable infrared intensities are 
known. In most cases, agreement is within reported experi-
mental error. 
It may be shown that the use of Eq. (3) in checking 
TABLE I. Calculated and experimental values of (Kfl + Ii Ai) (km/mol). 
Molecule 
CD,H 
CH,CD, 
CH2DCH2D 
CH2DBr 
t·C2H 2D 2 
c-C2H2D2 
CHDCF2 
Reaction 
1/2CH. + 1/2CD2H2-CH3D 
2/3CH. + l/3CD3H-CH3D 
3/4CH. + l/4CD.-CH3D 
1/2CD. + 1/2CD2H2-cD3H 
2/3CD. + l/3CH3O-CD3H 
3/4CD. + l/4CH.-cD3H 
1/2CH. + 1/2CD.-CH2D2 
2/3CD3H + 1/3CH.-CH2D2 
2/3CH3D + 1/3CD.-CH2D2 
1/4CH4 + 1/4CH,D + 1/4CD,H + l/ 
4CD.-CH2D2 
1/2CH,CH, + 1/2CH2DCH2D-CH,CH2D 
2/3CH,CH, + l/3CH,CD,-CH3CH2D 
l/2CH3CH3 + 1/2CD3CD3-CH3CD3 
2/3CH3CH3 + l/3CD3CD3-CH2DCH2D 
1/2CH,Br + 1/2CHD2Br-CH2DBr 
2/3CH3Br + 1/3CD3Br-CH2DBr 
1/2CD3Br + l/2CH2DBr-CHD2Br 
2/3CD3Br + l/3CH3Br-CHD2Br 
l/2C2H. + l/2C2D4-C2H2D2 
1/2C2H4 + l/2C2D.-c2H2D2 
l/2CH2CF2 + 1/2CD2CF2-cHDCF2 
"Equation (3), see the text. 
bSee Ref. 5. 
"See Ref. 6. 
dSee Ref. 7 for Ii Ai and Ref. 8 for n. 
eSee Ref. 9. 
fSee Ref. 10 for Ii Ai; n was calculated by the authors. 
Calculated" 
88.6 ± 2.6 
88.5 ± 3.0 
90.5 ± 2.6 
61.6 ± 1.8 
62.2 ± 1.5 
63.4 ± 1.7 
77.0 ± 2.2 
72.9 ± 2.9 
74.4 ± 1.7 
74.5 ± 2.3 
185.8 ± 7.5 
187.4 ± 6.8 
153.2 ± 5.1 
170.0 ± 5.0 
69.6 ± 2.2 
65.8 ± 1.8 
55.9 ± 1.4 
55.0 ± 1.6 
97.6 ± 1.4 
97.6 ± 1.4 
581.7 ± 60.3 
Experimental 
86.7 ± 1.9b 
57.4 ± 2.9b 
73.2 ± 2.2b 
182.8 ± 9.0" 
156.9 ± 10.9" 
169.0 ± 10.2" 
67.6 ± 1.5d 
62.5 ± 2.0d 
98.4 ± 1.3e 
109.9 ± 2.3e 
534.3 ± 8.8f 
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consistency among intensity sums for a family of isotopically 
related molecules is equivalent to employing Eq. (1). For 
each molecule, Eq. (1) may be written as 
L s~/ma = - (plmH + qlmD)s~ 
a".H,D 
(4) 
where P and q are, respectively the number ofH and 0 atoms 
in the molecule. Considering the two quantities S ~ and 
I 
l:a#H,DS ~/ma as variables, Eq. (4) is the equation of a 
straight line.4 The coordinates of the intersection of two or 
more lines, each line corresponding to one isotopically relat-
ed molecule, are the isotopically invariant S ~ and 
l:a#H,DS ~/ma values. These coordinates may be algebraic-
ly obtained using the equations 
and 
(6) 
Substituting the above expressions for S ~ and l:a# H,D S ~ I ma in Eq. (4), the (il3 + l:;'= I A i3 I K ) value of a third molecule may 
be obtained from the (ill + l:;'= I AilIK), (il2 + l:;'= I A i2 IK), PI' P2' P3' ql' q2' and q3 values. The expression for 
(il3 + l:;'= I Ai3IK) may be written 
((PI -P2)/mH + (q\ - q2)/mD{ il3 + itl Ai3 IK ) + ((P2 - P3)/mH + (q2 - q3)/mD{ ill + itl AilIK) 
(7) 
It is easily shown that the coefficients in Eq. (7) are, respectively, proportional to the stoichiometric coefficients fl3' fll' and fl2 
of a hypothetical reaction interrelating the three isotopically related molecules, i.e., l:~= I flsS = O. Thus, Eq. (7) is an 
extension of Eq. (3) for three molecules and, using identical data for two isotopically related molecules, identical 
(il + l:i AJK) values of a third molecule are obtained by means of both Eqs. (4) or (1) and (3). 
Equation (3) provides perhaps the easiest way of performing a G sum rule check for the fundamental intensities of a family 
of three or more isotopically related molecules. All that needs be done is to calculate the stoichiometric coefficients of any 
hypothetical reaction relating these molecules. Each linear independent hypothetical reaction corresponds to an independent 
check and, for each reaction, symmetry species may be treated separately. For polar molecules, il may be easily calculated 
using Eq. (9) of King's paper.3 To separately check each symmetry species. il must be partitioned as 
il =ilxx +ilyy +ilzz , 
where 
ilxx = P~llyy + Pt1lzz, 
il yy = P~llxx + Pi//zz , 
and 
(8) 
(9) 
(10) 
( 11) 
In the above equations, px • P y, and Pz are the components of the molecular equilibrium dipole moment, whereas lxx, I yy, 
and I zz are the molecular moments of inertia in relation to X, Y, and Z principal axes, respectively. 
The authors are very grateful to Professor Roy E. 
Bruns, for his suggestions. Financial support from FINEP is 
acknowledged. M.M.C.F. is indebted to CNPq for a fellow-
ship. 
'J. C. Decius, J. Chern. Phys. 20, 1039 (1952). 
2B. L. Crawford, Jr., J. Chern. Phys. 20, 977 (1952). 
3W. T. King, G. B. Mast, and P. P. Blanchette, J. Chern. Phys. 56, 4440 
1(1972). 
4B. de Barros Neto and R. E. Bruns, J. Chern. Phys. 71, 5042 (1979). 
5S. Saeki, M. Mizuno, and S. Kondo, Spectrochirn. Acta Part A 32, 403 
(1976). 
·S. Kondo and S. Saeki, Spectrochirn. Acta Part A 29,735 (1973). 
7A. J. van Straten and W. M. A. Srnit, J. Chern. Phys. 67, 970 (1977). 
"R. E. Bruns and B. B. Neto, J. Chern. Phys. 69, 3374 (1978). 
9R. C. Golike, I. M. Mills, W. B. Person, and B. Crawford, Jr., J. Chern. 
Phys.25, 1266 (1956). 
lOR. O. Kagel, D. L. Powell, J. Overend, M. N. Ramos, A. B. M. S. Bassi, 
and R. E. Bruns, J. Chern. Phys. 77,1099 (1982). 
J. Chern. Phys., Vol. 80, No. 12, 15 June 1984 
 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:
143.106.108.144 On: Thu, 25 Jun 2015 18:35:47
